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(Translated by: Edward Lechowicz, Maryland, Medical-Legal FPoun~
dation, Inc,, 700 Fleet Street, Baltimore, Maryland, 21202)

Although the toxin of the botulinal rod 1is one of the violent
bacterial toxins that change strikingly the mature of the respire-
tory movements in man and in animsle (2, 5 to 8, etc.), yet the
mechaniss of ite action on the respiratory control ie still
largely vnkrnown,

An assumption was expresped - though based on indirect evi-
dence - that the respiratory disorder resulting from bdotulisa is
combined with the effects of toxin on myoneural connections of
respiratory muecles (10).

We indicated previously (1) that the respiratory paralysis
riuultxng from botulinal intoxication is not combined with the
disturbvance in the diaphruge function, as the dats of some authore
imply (10,11), but with the injury of the reepiratory center, A

fairly large experimental saterial had teen accusulated up to the

present time indicating that the medullary and respiratory oeater
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pessess a rhythmio activity, i.¢. a capadility of passing into
a stage of stimulation. ' '

Many researchers think that the reticular structure of
ayslemcephalen includes, in sddition to the Thythmic sctivity,

Figure 1 - Recording of respiratory movemeants and action potentiale
on the central end of the right diaphragssatie nerve in
& rabbit, 4 - after 1 hour up to the cessation of spon-
taneous respiration; B - after 30 sinutes following the
cessation of spontaneocus respiration. Legend above and
below: respiratory movesents, recording time ) seoconds;
action potentiale, recording tise 0.02 seconds.

elso the coordination (integration) activity. This opinion is veri-
fied by the fact that an integrated inspiratory event may be caused L

by & stimnlation of a smal) ares that is considered to de & tomie
imspiratory ceater (135). Many investigations disclosed (12, 13, 15,
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16, 18) that some chemical substances can exert separate effects
on the rhythaic activity of the respiratory center and on the
coordinstion activity.

We studied in the current work the effects of botulimal toxin
on single central componsnte of the respiratory control, i.e¢. on
the rhythmic and ocoordination activities of the respiratory center,

The experiments were conducted on 34 radbbits and cates, each
weighing from 2 to } kg. The animals were administered botulinal
toxin type A in 1 to 2 mg/kg dose (obtained from N.P.GAMALEI’'S
Institute of Rpidemiology and Microbiology; ! mg contained 500 Dlm
for a mouse for intravenous administration). The recording of
respiratory moveaments in animale was eccomplished with the aid of
e (pulse) rudder cuff applied to the chest. We used urethan (intra-
stdozinslly 1,2 gw/'kg) as a narcotio. .

In order to ezamirve the rhythmic activity of inspiratery
neurons in the respiratory center, we recorded the action po-
tentiales of 1 or 2 fibers of the diaphragmatic nerve. The action
potent.ials were picked up on the central end of the rerve with the
aid of platinua electrodes under paraffin oil, according to the
sethod described by several suthors (14, 17, 19, 20),

As the next proceeding to etudy the coordination activity of
the respiratory center, we perforsed an operation exposing the
ayelencephalon. The stisulation was accomplished with the asia of
steel bdipolar electrodes connected to the electric stimulator of
the Grakh-1 type. The position of the electrodes was determined

with the Hartley-Clark steresotaxic apparatus. The electrodes were
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placed 2.5 mm deep, laterally froa the center line to 1.5 mm, and
2 aa upward froa both. The stimulation was produced with electric
current of Jiverse veltage, at 55 cps frequency and with 0.2 w'seoc
of pulse durat.on, The stimulation time equalled 6 to 8 seconds
after interval of 10 to 15 minutes.

Pollowing the adainistration of toxin, we examined the general

symptoms of toxic effects in 10 animals not anesthetized, With the
intravenous adainistration of 10 to 15 gm of dry toxin (5,000 to
10,000 Dla for mice), the folliowing symptoms developed in radbdits
and cats: adynamia, paresis of extremities, mydriasis, refusal of
food, suscle tremor in extremities and in the neck. Rabbits died
after 3} to 4 hours, and cats after 6 to 7 days. Changes in the
respiration appeared in raddite after )0 to 40 minutes following
the sdainistratioa of toxin. At first, we obeerved a brief deep-
ness and incressed frequenmcy in respiratory soveaents; later, as
the respiratory frequency decreased slightly, the amplitude of
respirstory movesents disinished. Single, deep inspirations were
often recorded on a phon during shallow breathing. In last minutes
of their 1ife, the respiration of rabddbits always resembled gasping.
The respiratory disturbances in cats appesred on the fourth day
after admsinietration of toxin, Later, the administration of toxin
caused disorders in the respiration, in respiratory control and
also the appearance of pathological respiratory patterns that were
combined with changes in the amplitude of respiratory movements,
In order to olarify the question whether botulinal toxin af-

feots the rhythaic activity of the respiratory center, we conducted
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10 experiments on rabbits and cats, recording the sction potentisls
on the centrsl end of the diaphragmatic nerve during spontanecus

and artificisl respirstions. We observed in heslthy cats and rabddits
discharges of low frequency during the entire or partial phase of

Pigure 2 - Inspiratory reaction after stimulation of the ventrimesal
region of myeiencephalon in a radbit. A and B - 2 hours
after administration of botulinal toxin and application
of 0.2 volte stimulation; C and D - 2¥2 hours after ad-
sinistration of totulinal toxin and application of 0.35
volts stisulation. Legend above and below: respiratory
movements and recording of stisulation (figures indicate
voltage); recording time ) seconds.

expiration. Then, as discharge became accelerated, a buret of high
frequency pulses followed at the time of inspiration, With the ad-
ministration of toxin, the low frequency discharges during expi-
ration and aleo the duration and the frequency mean decressed,
thus concurring with the inepirational eamission in the diaphreg-
satioc nerve., However, rhythaic respiratory pulses occurred during

1¥2 to 2 hours in al)l experiments after cessation of spontaneous
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Weathing on & phon in the course of artificial respiration and
during its brief ewitched-off pericd (figure 1).
Therefore, the bdotulinal toxin does not primarily affect the ,
rhythaic asotivity of the respiratory center, |
In order to investigate the coordination (integration) activity ¢
of the respiratory ocenter, we conducted experiments on 9 rabdtits,
using stisulation of electric curreat of diverse voltage in the
veatromedian region of the brain stem., As s power stimulation 3
threshold we defined the inspiratory response odserved with the
least interrupted rhytha.

PN

Pigure 2 shess changes in the power stimulation threshold in
the presence of comstant frequency, a8 observed in a ranbit after
sdainistration of 2 mg/kg of toxinm, o
The bdotulinal toxin elightly increased the po-or.otinulttton

threshold for development of a consatant apnes and it decreased
nosiceably the amplitude of inspiratory reactions, After sdsinis-
tration of the toxin, also a decrease in the amplitude of uupiu“r’
reactions was olearly expressed in e raddit (figure 3}). It is ]
interesting that the amplitude of inspiratory responses in rabdits
decreased gradually during artificial respiration prior to and
after the cessation of spontanscus respiratory moveaents,

The involvesent of the expiratory sctivity by dotulinal toxin
in a part of the brain stem was detersmined by experimentations
(5 experiments) snd studies of the cough reaction produced dy a
sesohanical etimulasion in tracheal mucosa of cate with botulinal

istoxication. It is obvious from figure 4 that, as the intoxication
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incressed, the cough revponse to the stimulation of trachea decreased

Pigure ) - Inspiratory reaction during etimulation of the ventro-
median region in the drain stes of & rabdbbit in various
periods after administration o} botulinal toxin (experi-
aent on Ootodber 27, 1959), A - prior to adainistration
of the toxin; B- after 30 minutes; C - after ! hour; ﬂ
D - after 1¥2 hours following the administration of botu=-
l1inal toxin., Legend the same as in figure 2,

Figure 4 - Cough reflex in & cat during botulinal intoxication, A -
after 8 hours following the sdministration of botulinal
toxin; B - on the 4th day after administration botulinal
toxin (experiment on Octoder 30, 19%59,.

Therefore, the dotulinal toxin affectes the coordingtion ac-
tivity (inspiratory and expiratory toniec funotions) in s part of
the brain stem, but does not influence its rhythmical activity.

It has been determined that the odjective of the action of
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baoterial toxins could be numerocus 1inks of the control of neural
funotions (3, 4). The amalyei- of .:e paralysing effect of botulinal
$0xia on respiration proved that, due to the effeots of the toxin, !

inbibition 1is imposed on the side of the coordination (integration) |
sotivity of the respiratory center, dbut the toxin has no significant
offect on the rhythmic activity of the dbrain stes., The bdotulinal
soxin decreases the saplitude of respiratory reactions after electric
stimulation in the vertromedian region of the bdrain stea and hardly
ohanges the power stisulation threshold for developmeut of a constant
spaea. The investigation of oough reactions in cats at various
periode of intoxication indiocated that botulinal toxin affects the
expiratory sotivity of the brain stes. The abdove dats fully agree
with the clinical observations and show that botulism patiente are ‘:’
either able to cough with difficulty, or not at all (6).
conclueione

1., The bdotulinal toxin caused a progressive decline in the
amplitude of inspirstory reactions following electrical stisulation ﬁ
in the ventromedian region of tﬁo brain stem prior to and after
the cessation of respiratory moveaents,

2. ¥With the ocessation of spontaneous respiration on a phon
in the coures of artifiocial respiration in animals affected with r
botulinal intoxication, we reocorded for several hours the action
potentials from the respiratory cemnter.

3. The bdotulinmal toxin ceused an inhidition of the coordie
natioa (integration) asotivity of the respiratory center without
showing any significeat effect on the rhythmio respiratory activity,

O




Literature Cited

1. ABROSIMOV,V . K. Arkh. Pat. 1956, vol.!, p.86, - 2, AVTSIN,
A.P., POPOYA LM, and BODNAROVSKAYA,3.L. Book: Probleams of patho-
genssis and pathoanatomy in infectious diseases. lLeningrad, 1957,
p.278. - 3. ADO,A D, Zhuran, Mikrodbiol., 1955,F0.2, p.82. - 4. ADO,
A.D. Arkh. Pat,, 1955, vol.}, p.3. - 5. GALPBRIN,YA.YA, Book:
Botuliem. B.M. 1937, p.251, - 6. KORITSKII ,A .M, Book: Botulisea,
B.X. 1937, p.91. - 7. MATVERV ,K.I. Pathogenesis of botulisa., Mosoow,
1949. - 8. MIRTOVSKII ,K.Y. and GOVSERV ,3.A. Book: Botuliea. B.M.
1937, p.102. - 9, BISHOP,G.H. and BRONRPENBRENNER,J.J, Am, Journ,
Phyesiol., 1936, vol,117, p.393. - 10. BROOKS ,V.B. Science, 1953,
iol.117, p.334. - V1, BRODIE,D.A, and BORISCN,H.L. Journ, Pharaso.
Exper. Ther., 1956, vol,118, »,220. - 12, BKRODIR,D.A. and BORISOK,
K.... As. Journ. PLyeiol,, 1957, vol.108, p.3}47. - 13, DOUGLAS W ¥,
and MATTHEWS ,P,B.C, Journ. Physiol. (London), 1952, vol.116, p.202,
- 14, HARRIS,T.D. end BORISON ,H.L. Am, Journ, Physiol.,1954, vol.
176, p.77. = 15. KASB,Y. and BORISOR ,E.L. Journ. Pharmac. Exper,
Ther., 1958, vo0l.122, p,215, -~ LARRABRE ,M.G. and KNOWLTOR ,G.C.
Ams, Journ., Physiol,, 1946, vol.147, p.90. - 17, PITTS8 ,R.P., MLGOUN,
H.W. and RANSON ,S.¥, Am. Journ. Physiol., 1939, vol.127, p.654, =
18, WRIGHT ,P.G. Journ. Physiol. (lLondon), 1954, vol.126, p.52. =~
19, VIDDICOMBR ,J .G. Journ. Physiol. (London),19%4, vol.123, p.10S.
- 20, VY88 ,0.A. M., Arch, Ges. Physiol., 1939, vol. 241, p.524.

E

i T study funotional disturbances of central portions of the

nervous regulation of respiration in bdbotulin intoxicetion, the
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rhythaic and coordination activity of medullary respiratory centre
was investigated in raddits and cats. The paralysing effect of
botulin on respiration was analysed by stimulating the ventramediasl
ares of the brain stem by means of electric current and by elimi-
nating the action potentiale fros the central and of the phrenio
nerve. This toxin inhidited the coordination motivity of roopir§~

tory centre and produced no significant effect on the rhythmic
activity,
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